Priming describes the principle of modified stimulus perception that occurs due to a previously presented stimulus. Although we have begun to understand the mechanisms of crossmodal priming, the concept of intramodal olfactory priming remains relatively unexplored. Therefore, we applied positive and negative odors using respiration-triggered olfactory stimulation (RETROS), enabling us to record the skin conductance response (SCR) and breathing data without a crossmodal cueing error and measure reaction times (RTs) for olfactory tasks. RT, SCR, and breathing data revealed that negative odors were perceived significantly more arousing than positive ones. In a second experiment, 2 odors were applied during consecutive respirations. Here, we observed intramodal olfactory priming effects: A negative odor preceded by a positive odor was rated as more pleasant than when the same odor was preceded by a negative odor. Additionally, a longer identification RT was found for the second compared with the first odor. We interpret this as increased "perceptual load" due to incomplete first odor processing while the second odor was presented. Furthermore, intramodal priming can be considered a possible reason for the increase of identification RT. The use of RETROS led to these novel insights into olfactory processing beyond crossmodal interaction by providing a noncued unimodal olfactory test, and therefore, RETROS can be used in the experimental design of future olfactory studies.
Introduction
Olfactory research is on the rise, and is important for reaching an understanding of the complex mechanisms of healthy chemosensory perception and for characterizing deficits that are commonly seen in patients with neurological and psychiatric disorders, such as Parkinson's disease (Moessnang et al. 2011 ), Alzheimer's disease (Wang et al. 2010 ) and autism . For survival and social interactions in a defined environment, it is necessary to process incoming sensory information with great accuracy and to respond with adequately adapted behavior Stevenson 2010) , which generally involves merging not redundant sensory information into a combined multisensory percept (Ernst and Bulthoff 2004; Spence 2015) . In multisensory integration studies, behavioral advantages like speeded reaction times (RTs) and enhanced accuracy are generally observable in detection tasks, in which congruent combinations are identified faster than incongruent crossmodal stimuli combinations (Molholm et al. 2002; Lalanne and Lorenceau 2004; Schneider et al. 2008; Chen and Spence 2011; La Buissonniere-Ariza et al. 2012; Höchenberger et al. 2015) . Priming is the manipulation of the perception of a stimulus due to a previously presented stimulus (Jacoby 1983; Schacter and Buckner 1998; Ernst and Bulthoff 2004) , and it is broadly used as an explanation for crossmodal effects that are caused by subconscious implicit memory processes mediated by neocortical areas (Squire and Dede 2015) . Priming, in particular, is a component of crossmodal/multisensory integration (Lalanne and Lorenceau 2004; Proulx et al. 2014) . Two different types of primingperceptual and conceptual (semantic) priming-are conceptualized (Tulving and Schacter 1990; Schacter and Buckner 1998) . Whereas conceptual priming is modality-independent, but is based on semantic encoding and explicit memory, perceptual priming is modality-specific and does not require semantic encoding to occur in a task and can therefore also be observed in patients with amnesia.
During olfactory priming, odor stimuli enhance the perception and processing of stimuli of other modalities, which is specified as intermodal priming (Platek et al. 2004) . Olfactory stimuli can alter visual (Seigneuric et al. 2010; Seo et al. 2010) , tactile (Dematte et al. 2006) , auditory (La Buissonniere-Ariza et al. 2012 ) and gustatory (Schifferstein and Verlegh 1996; Djordjevic et al. 2004; Prescott et al. 2004 ) perception, as well as decision making (e.g., food choice; Gaillet et al. 2013) , in humans. In addition, the pleasantness of an odor can affect the perception of tactile (Croy et al. 2014a) , visual (Guerdoux et al. 2014) , or facial attractiveness perception (Dematte et al. 2007) . Unpleasant odors decrease the pleasantness ratings of stimuli of other sensory modalities (Dematte et al. 2007; Croy et al. 2014a) , whereas pleasant odors enhance RTs (Guerdoux et al. 2014) .
Priming is a widespread concept for influencing one modality using another one [e.g., visual priming (Popovich and Staines 2014) or auditory priming (Chen and Spence 2011)] . However, there is also evidence for intramodal priming, or the interaction between stimuli of the same sensory modality, in nonchemical sensory modalities, such as vision and audition (Ellis et al. 1997; Badgaiyan et al. 1999; Chéreau et al. 2007; Lukatela et al. 2007 ). Nevertheless, the outcome of intramodal olfactory priming, especially when stimuli are of a different pleasantness, has not been completely elucidated. One study compared edibility evaluations in an intramodal olfactory and intermodal visual-olfactory testing paradigm and found that a priming effect on edibility evaluation was observable only in the intramodal condition, showing decreased edibility evaluation RTs (Koenig et al. 2000) . Accordingly, the authors suggested the use of modality-specific olfactory pattern activation subsystems and concluded that this was perceptual priming rather than semantic memory-based conceptual priming, which is pre-semantic (Tulving and Schacter 1990) .
Another interesting question involves the investigation of the temporal sequence of different olfactory processing levels. Therefore, RTs are generally used to characterize the chronology of different processing levels, and for the olfactory system, a cascade model has been established (Olofsson 2014) . The model is based on the results of several studies and provides information about the chronology of 4 odor perception stages. Detection, the perception of an odor, is the fastest level of olfactory processing. Processing levels of pleasantness evaluation (valence), as well as object processing (identification) and edibility, demand more processing and are therefore downstream of perception. Previous studies have evolved 2 routes from odor detection/perception to valence/pleasantness evaluation: a direct and an indirect route. The direct route goes straight from detection to valence, whereas the indirect route includes odor identification to create odor valence. However, odor edibility evaluation is further downstream and is based on odor object information as a mediator (Olofsson et al. 2013) . Two studies tried to solve the question of which processing step is performed first in the olfactory system: the object (identification) or valence (pleasantness) evaluation task, and they revealed that the odor object is faster than odor valence processing (Olofsson et al. 2012 (Olofsson et al. , 2013 . In one of the 2 studies, 2 consecutively presented odors were applied with the aim of characterizing the processing order of the odor objects (identification) or valence (pleasantness) evaluation, without investigating possible priming effects that could occur in this stimulation paradigm (Olofsson et al. 2012) . The task was either to define if the second presented odor was of the same category (odor object centered approach) or if it was more pleasant than the first odor (valence centered approach). The stimulation method in those studies, however, was not adapted to participants' respiration, was visually cued and was accomplished with an inter-stimulus interval (ISI) between the 2 odors of 4 s each. The visually cued olfactory stimulation could have influenced those results due to crossmodal interaction processes.
The main aim of our study was to examine intramodal priming effects with regards to the sense of smell. Commonly, visual or auditory signals are utilized to cue the participant to breathe in and perceive the odor (Dematte et al. 2007; Moessnang et al. 2011; Olofsson et al. 2012) . One major limitation of the breathing cues is the occurring multisensory stimulation and interaction. Thus, pure olfactory stimulation without the influence of other sensory modalities is not possible with the commonly used stimulation scenarios (Lalanne and Lorenceau 2004; Proulx et al. 2014; Stein et al. 2014; Ursino et al. 2014) . Furthermore, it is likely that some of the observed effects on the behavioral or neuronal level are modified by the preceding auditory or visual stimulus due to a multitude of ongoing multisensory interaction processes. Therefore, our first step was to develop and establish a feasible method to enable the examination of possible intramodal priming effects in olfaction without any other sensory inputs. We self-developed and validated a reliable cue-less respiration-triggered olfactory stimulation (RETROS) method.
Another important aspect of the RETROS method is that it improves olfactory research with regard to odor-dependent psychophysiological data recording. Commonly cued olfactory stimulation methods are not as appropriate for odor-specific skin conductance response (SCR) data analysis. Cued olfactory perception evokes altered respiration and smelling behavior and therefore manipulates measured psychophysiological parameters, such as SCR. There is evidence for an increased inspiration behavior following visual or auditory odor cues rendering data to rely more on forced respiration behavior than on specific odor responses, due to the influence breathing has on skin conductance (Wallin et al. 1998) .
In study 1, we used the cueless RETROS method to examine odor specific physiological (respiration and SCR) and behavioral (perception RTs) responses to positive compared with negative odors. We expected to see a valence-dependent difference in odor perception RTs as well as in the physiological parameters. In study 2, we tested for intramodal priming effects by applying an intramodal testing paradigm for olfaction using RETROS. In this paradigm, 2 odors were applied consecutively to study the influence of preceding odor processing on odor perception. Therefore, intramodal congruent and incongruent odor pairings with regards to pleasantness were examined. We expected an influence of odor valence on odor pleasantness perception similar to the results established using tactile (Croy et al. 2014a) , visual (Guerdoux et al. 2014 ) and facial attractiveness perception (Dematte et al. 2007) . Another aim of the study was to determine the cueless processing times of odor perception, pleasantness evaluation and identification using RETROS and to analyze their differences with regard to the odor object centered and odor valence centered approach (Olofsson et al. 2012 ).
Materials and methods

Participants
All participants signed a written informed consent form. The study protocol was approved by the local ethical review board and is based on the ethical standards of the Helsinki declaration. To test participants for normosmia, the MONEX-40 olfactory identification test was used, during which participants had to identify 40 common odors by choosing 1 out of 4 odor descriptors for each (Freiherr et al. 2012) .
For a general psychiatric and neurological screening, SCID-I (Wittchen et al. 1997) , BDI (Beck et al. 1996) and MoCA tests (Nasreddine et al. 2005) were used. It has been shown in a few studies that psychiatric or personality disorders can affect olfactory perception and processing (Atanasova et al. 2008 ) and lead to higher (Burón et al. 2015) or lower olfactory sensitivity (Yuan and Slotnick 2014) . Therefore, we used SCID-I, a structural clinical interview, to evaluate whether participants suffered from any psychiatric or personality disorders. Depression is one of the main sensory-interfering psychiatric disorders (Croy et al. 2014b; Naudin and Atanasova 2014) , we therefore additionally used the BDI (Beck Depression Inventory-II) to exclude participants with evolving and definite depressive symptoms. As a brief cognitive screening tool, the Montreal Cognitive Assessment (MoCA) was used to detect mild cognitive impairments, which also negatively affect olfactory perception (Hang et al. 2014; Godoy et al. 2015; Huart et al. 2015; Vasavada et al. 2015) . All included participants were considered healthy with regards to the common cutoff values of these screening tools.
Study 1
Twenty-five healthy right-handed normosmic participants (12 women, mean age = 24.88 years; standard deviation (SD) = 5.29 years; MONEX-40: mean (M) = 32.76; SD = 2.45, range 28-38) were tested for positive and negative odor perception examination and respiration data analysis. They rated the positive odors as pleasant (M = 72.60; SD = 13.22) and the negative odors as unpleasant on a 100-point visual analogue scale (M = 26.52; SD = 11.26; t(24) = 12.306, P < 0.0001). Further, the odors were equally intense (negative odors (M = 60.52; SD = 18.93), positive odors (M = 65.58; SD = 19.20; t(24) = −1.097, P = 0.283).
For SCR data collection, ten healthy right-handed normosmic participants (5 women, mean age: 24.00 years; SD = 2.97 years; MONEX-40: M = 32.10; SD = 2.70, range 28-38) were tested. They rated the positive odors as pleasant (M = 69.50; SD = 11.01) and the negative odors as unpleasant (M = 22.15; SD = 9.10; t(9) = 8.856, P < 0.0001). Further, positive and negative odors were evaluated as equally intense (negative odor: M = 62.80; SD = 17.61, positive odor: M = 69.85; SD = 15.30; t(9) = 1.763, P = 0.112).
Study 2
Twenty healthy right-handed normosmic participants out of the 25 in study 1 (10 women, mean age = 24.75 years; SD = 5.78 years; MONEX-40: M = 32.70; SD = 2.51, range 28-38) were used to investigate possible intramodal priming effects and the comparison of different smell processing levels (odor perception, pleasantness evaluation, and identification). The participants rated positive odors as pleasant (M = 73.80; SD = 14.32) and negative odors as unpleasant (M = 28.33; SD = 11.28; t(19) = 10.047, P < 0.0001) on a 100-point visual analogue scale. In this group, pleasant odors (M = 64.45; SD = 17.11) were significantly more intense than negative odors (M = 54.80; SD = 16.70; t(19) = −2.197, P = 0.041). With regard to the intensity ratings, we did not find an effect of gender.
However, this effect seemed to be mediated by the intensity ratings of "vomit" (M = 48.85), but not that of "spoiled fish" (M = 60.75). The different intensity perceptions did not lead to significant differences in the pleasantness ratings of the negative odors (M "vomit" = 29.00; M "spoiled fish" = 27.65; t(19) = −0.363, P = 0.72).
Apparatus and stimuli
Olfactory stimulation was accomplished using a computer-controlled, air-dilution olfactometer and by stimulating both nostrils (Figure 1c ). Four different odors were utilized, 2 positive odors, "orange" (100% essential orange oil, Drogerie Markt dm, Germany) and "cherry," (Givaudan SA, Vernier, Austria, Cherry ABG8507, 5% in diethyl phthalate) and 2 negative odors, "vomit" (Carl Roth GmbH + Co. KG, Karlsruhe, CAS No. 107-92-6, 2% butyric acid in propylene glycol) and "spoiled fish" (Burghart Messtechnik GmbH, Wedel, 16,5% fish oil in propylene glycol). Butyric acid and the amides in the fish oil are good examples of negative odors in an evolutionary sense. Both are contained in spoiled food, so they are considered to be effective alarm signals to refuse food and avoid illness (Curtis and Biran 2001; Takahashi et al. 2004 ). The odors were presented for 800 ms within a continuous airflow of 3.0 liters per minute (lpm). Odorless airflow was achieved with one glass jar filled with propylene glycol, this airstream was turned on whenever no odor was presented. A minimum ISI of 8 s was utilized to rule out habituation (Hummel et al. 1996) . To prevent participants from hearing the switching noise of the olfactometer, subjects listened to continuous brown noise via headphones ( Figure 1a ,b), which in our working group was perceived to be more pleasant than white noise. During the experiment, participants were tested using a setup for behavioral studies with 2-m olfactometer Teflon tubing and a 2.1-m oxygen nasal cannula (medisize Deutschland GmbH, NeunkirchenSeelscheid, Cat.No. 15000 4025MT, phthalate-free) connected to the PowerLab Spirometer Pod (PowerLab Spirometer Pod ML311, connected to PowerLab 8/35 system, ADInstruments Ltd.) ( Figure  1a ). The Spirometer Pod measured the respiration-based positive and negative pressure in the connected tubing. Expiration applies a positive and inspiration a negative pressure in the tubing, PowerLab recorded these pressure differences in volt (V). For the purpose of the analysis, the recorded values were inverted to positive values for inspiration and negative values for expiration. Olfactory stimulus onset depended on the state of the participant's respiration cycle, which was recorded throughout the experiment with PowerLab's LabChart Software (LabChart Pro 8.0). To apply this method, LabChart Add-Ons "Spirometry" and "Event Manager" were used to analyze the breathing data spirometrically (spirometric flow, volume and integrals) and therefore more precisely ("Spirometry"), and enable us to trigger odor onset ("Event Manager") with the experiment's presentation software E-Prime 2.0 (Psychology Software Tools Inc, Schneider et al. 2002) . Both the PowerLab LabChart recording and E-Prime presentation software were run on one PC with 3 parallel ports. Through one parallel port, the PowerLab 8/35 system was connected to the PC, and this connection was used to send odor onset signals to the E-Prime software and thereby trigger odor onset. This was obtained by an onset signal that was sent at preset respiration values using the "Event Manager" Add-On in LabChart. Through the second parallel port, the PC was connected to the olfactometer, triggering odor valve opening at a certain odor onset. Through the third parallel port, the PC was connected to the PowerLab 8/35 system, and this connection was used to send odorencoded information from E-Prime to LabChart and thereby submit odor-specific onset comments to the LabChart recording software. A universal respiration value raising higher than −1 liter/second (l/s) spirometry flow was used to trigger the onset of an olfactory stimulus via E-Prime during participants' inspiration. This value means that the respiration-dependent odor onset occurred before the respiration maximum was reached. E-Prime started the olfactory stimulation using a parallel port connection to the olfactometer and sent odor specific comments via another parallel port cable to the LabChart software. Therefore, each odor onset was marked with the name of the odor that was switched on, allowing for an odorspecific extraction and analysis of respiration and SCR data with the LabChart software. No visual or auditory signals were used to avoid cued smelling and the influence of other sensory modalities on odor perception and processing. Participants were not informed about respiration-triggered stimulation, they were only told that their respiration would be recorded. To test for intramodal interactions, 2 odors were presented in consecutive respiration cycles without any additional ISI (M = 3.15 s; SD = 1.68 s), but with the onset of odorless air between the 2 odors.
To evaluate the SCR with RETROS, the galvanic skin response was recorded in µS (GSR Amp FE116, GSR Finger Electrodes MLT116F, ADInstruments Ltd.). Electrodes were positioned on second phalanx volar sites of the index and ring finger of the right hand. During the SCR data collection experiment, participants were tested using a RETROS setting, that included longer tubing and an adapted PowerLab respiration value to trigger olfactory stimulation. This setup could be further used for possible future fMRI experiments.
We used 10 instead of 2 m long olfactometer Teflon tubing and 8 m long Teflon tubing for respiration recording via PowerLab's LabChart chronicle instead of the oxygen nasal cannula (Figure 1b) . To facilitate the long-distance respiration pressure transfer in the tubing and ensure that the PowerLab can be used to trigger odor onset, a special distributor was designed and built by colleagues at the scientific workshop (Medical Faculty, RWTH Aachen University) (Figure 1d ). The distributor combines olfactometer and respiration tubing, ending in 2 custom-made nosepieces, with one positioned in each nostril. The varied tubing length led to a different air pressure transfer and an enhanced time for the odor to reach the nostrils. Additionally, the olfactometer onset trigger in PowerLab was tubelength adapted to a spirometry flow value falling lower than 2.5 l/s, ensuring odor presence at the participant's next inspiration.
During our experiments, participants only breathed through their nose and respiratory data was recorded parallel to the experiment. ADInstruments, however, only provide respiratory flow heads for oral respiration acquisition, which is why we did not receive the exact nasal respiration flow rates by using an oxygen nasal cannula and the distributor for the fMRI application of RETROS. Spirometry data generated with PowerLab, could thus not be used to analyze the respiratory parameters. Changes in respiration due to odors were possible anyway due to the recording of the data with Participants sat in front of a computer screen and wore a nasal cannula, which was connected to the SpirometerPod of the ADInstruments PowerLab 8/35 system (seen in background), for respiration recording and RETROS use. The button for RT measurements was held in one hand, while they used a computer mouse with the other hand to determine the odor ratings (depending on task). Attached to the chest was the odor distributor, which ended with nosepieces in the nose. Testing situation of the perception task including the SCR electrodes (b). Headphones were used to apply brown noise and therefore prevent valve opening sounds from distracting or influencing participants. 
Procedure
For the SCR data collection in study 1 and odor perception examination, each odor was presented 6 times (24 odor presentations in total), and E-Prime 2.0 (Schneider et al. 2002 ) was used as the task presentation and recording software (Figure 2a) . The order of the odors was pseudo randomized to prevent repeated presentation of the same odor and thus adaption. For RT measurement, participants were instructed to press a button device (Push Button Switch, MLA92, ADInstruments Ltd.) as fast as possible after perceiving an odor (Figure 1a) . While performing the experiments the buttonpress device was held with the left hand. It directly connected to the PowerLab 8/35 system and each button press created marker lines in the LabChart recording software, enabling us to extract the RTs. As indicated before, the screen did not show any additional cue for odor presentation. Stimuli detection accuracy and respiration parameters were extracted using PowerLab's LabChart software. For the SCR data collection, the same task was used with a different setup, as described in Apparatus and stimuli (Figure 1b) . SCR data were analyzed according to Greenstein and Kassel (2010) . The mean of the 2 s preceding the onset of olfactory stimulation was subtracted from the maximum of the 5s interval after odor onset in order to normalize the values to the baseline skin conductance level.
Study 2 consisted of 3 different experimental blocks presented with E-Prime 2.0 (Schneider et al. 2002) (Figure 1a) . The different blocks contained the following tasks after odor presentation. An initial speeded response task for RT measurement was followed by a delayed two-alternative forced-choice task concerning accuracy measurement. Each trial ended with a final pleasantness rating on a visual analog scale. The first experimental block was conducted to obtain the odor pleasantness evaluation RTs, accuracy and pleasantness ratings (Figure 2b) . Therefore, participants' task was to press the button device as soon as they recognized the odor as either pleasant or unpleasant with their left hand. After pleasantness recognition, participants had to choose between "pleasant" or "unpleasant" in an two-alternative forced-choice test using a computer mouse with the right hand. Data recording and RT extraction was performed equivalent to the perception RT task in study 1 via the same button device and LabChart Software. Next, a visual analog scale appeared for a precise pleasantness rating of the presented odor. Each of the 4 odors was presented 8 times, totaling 32 presentations in this block. The order of the odors was pseudorandomized. The next 2 blocks had a similar experimental set-up. However, 2 odors were presented in 2 consecutive respiration cycles, and participants had to identify the odor instead of its pleasantness (Figure 2c,d ). Participants were instructed to direct their attention to the first (Figure 2c ) or second presented odor (Figure 2d ). To prevent a bias due to learning effects, the blocks were pseudorandomized across all participants so that half of them performed the "first odor attended" block at first and the "second odor attended" block second, and vice versa. Each odor combination was possible, even 2 identical odors, resulting in a total of 16 experimental combinations with 2 randomized repetitions per block. For measuring the identification RTs in the "first Figure 2 . Perception, pleasantness evaluation, and first and second odor attended block paradigms. For the odor perception block, participants were looking at a white screen and had to press a button as fast as possible (= speeded response task) when they perceived an odor for the perception RT measurement (a). In the pleasantness evaluation block, participants had to evaluate the presented odor as either pleasant or unpleasant (b). The button had to be pressed when the judgment was made to receive the RT of the pleasantness evaluation. After this, participants had to perform an alternative forced-choice task and determine with a mouse click whether the perceived odor was "pleasant" or "unpleasant" and to rate the pleasantness on a visual analog scale afterwards. In the first and second odor attended block, 2 odors were presented consecutively (c, d). In the first odor attended block, participants had to press a button when they identified which odor was presented to measure their identification RT (c). This was followed by the second presented odor, a forced-choice task, during which they had to select the name of the identified odor and finally a pleasantness rating of the first presented odor on a visual analog scale. The second odor attended block had the same task structure, except that the speeded response task, the forced-choice identification judgment and pleasantness rating had to be made for the second instead of the first presented odor (d).
odor attended" block, participants were instructed to press a button at the moment they identified which of the 4 odors was presented. Accuracy was measured with participant's selection between the 4 odor names via a mouse click. Additionally, a visual analogue scale was presented to rate the odor pleasantness. In the "second odor attended" block, the RTs and pleasantness ratings were measured in analog for the second instead of the first odor presented. The PowerLab settings and LabChart chronicle were identical to those of study 1.
Statistical analysis
RTs were calculated using PowerLab's LabChart software by extracting the time points of odor onset, which was possible due to the odor specific comments sent at odor onset throughout the experiment. Additionally, the time points of participants' button press response were extracted and used to calculate the RTs in seconds by subtracting the odor onset time. Data analysis was performed using SPSS Statistics 20 (IBM). The normal distribution of the data was checked using the Kolmogorov-Smirnov test, and homogeneity of variance was tested using Levene's test. For study 1, paired-samples t-tests were utilized to characterize the differences of minima and maxima of respiration during positive and negative odor perception. To specify differences between genders, independent t-tests were applied. For perception RT, as well as spirometric volume integrals and SCR data of positive compared to negative odors, non-parametric t-tests (Mann-Whitney U and Wilcoxon) were used due to not normally distributed data and/or inhomogeneity of variance. For the analysis of the dependent variable "pleasantness rating" of the second presented odor in study 2, a repeated-measurements ANOVA with the within-subject factors "first odor" (positive/negative) as well as "second odor" (positive/negative) and the between-subjects factor "gender" was computed. For the analysis of incongruent compared to congruent odor combinations, identification RTs for odor combinations of the "second odor attended" block were grouped and analyzed respectively with Mann-Whitney U and Wilcoxon test due to not normally distributed data and/or inhomogeneity of variance. The same tests were computed for the identification RTs of the first compared to the second odor in either the first or second odor attended block. To characterize the dependent variable "RT" with regard to perception, pleasantness evaluation and identification, they were contrasted using a repeated-measurements ANOVA with the within-subject factor "task" (perception/pleasantness evaluation/ identification) and between-subjects factor "gender". The identification RT was extracted from the "first odor attended" block to prevent second odor influences on RT. Values beyond ± 2.5 SDs of the mean were excluded in the raw data.
The Bonferroni corrected alpha level was 0.05 or test-quantity dependent corrected. In case Mauchly's sphericity assumption was violated, the Greenhouse-Geisser corrected values are reported.
Results
Study 1
The analysis of the perception RTs showed a difference between negative [Median (Mdn) = 1.77 s] and positive odors (Mdn = 1.27 s), which was based on a slowed response to negative odors (z = −2.946, P = 0.003; Figure 3a) . The RTs did not represent significant gender effects for positive (Mdn = 1.27 s and 1.25 s, U = 65, z = −0.707, P = 0.48) or negative odors (Mdn = 1.87 s and 1.46 s, U = 62, z = −0.87, P = 0.384). The spirometric volume integrals between odor onset and perception increased after negative odor stimulation (Mdn = 0.1431 V) compared to positive odor stimulation (Mdn = 0.0788 V, z = −3.834, P = 0.0001; Figure 3b) , with no significant gender effects (P > 0.70). The minima of the spirometric volume curve were significantly lower after negative (M = −0.0408 V, SD = 0.02524 V) compared to positive odors (M = −0.0214 V, SD = 0.01861 V; t(24) = 4.678, P < 0.001, with no gender effect (P > 0.05) (Figure 3c ). The maxima of this curve were higher after negative (M = 0.1190 V, SD = 0.0646 V) than after positive odor stimulation (M = 0.1124 V, SD = 0.0539 V; t(24) = −2.079, P = 0.048, with no gender effect (P > 0.05) (Figure 3d) .
The SCR data exhibited significantly lower values for positive (Mdn = 0.011 μS) than negative odors (Mdn = 0.022 μS, z = −2.310, P = 0.021). In the SCR data, male and female participants differed in both positive and negative odor responses (U = 0.000, z = −2.449, P = 0.014). A split Wilcoxon test showed that the significance was due to male (P = 0.043) and not female responses (P = 0.465).
Study 2
Within the "second odor attended" block, there was a significant difference between the pleasantness ratings of the different odor combinations [F(1.399, 25.182) = 61.465, P < 0.001), with no effect of gender (P = 0.569)]. In particular, there was a significant difference between the negative-negative and positive-negative odor combinations. Whenever a positive odor was followed by a negative odor, the latter was rated significantly more positive (M = 33.88) compared to when a negative odor was presented first (M = 27.58; P = 0.004; Figure 4a ). No significant difference was detected between the negative-positive and positive-positive odor combinations (P > 0.05). When the combinations were grouped in congruent (positivepositive and negative-negative) and incongruent (negative-positive and positive-negative) conditions, the incongruent second odor was identified significantly faster (Mdn = 2.73 s) than the congruent one (Mdn = 3.22 s, z = −2.389, P = 0.017; Figure 4b ). We found a significant gender difference in the incongruent odor combination (U = 23, z = −2.041, P = 0.041). Female participants exhibited a faster RT to incongruent (Mdn = 2.24 s) in comparison to congruent odor combinations (Mdn = 3.06 s, z = −2.599, P = 0.009). The odor perception, pleasantness evaluation and identification RTs differed significantly [F(2, 36) = 29.455, P < 0.001; Figure 4c ). The comparison showed that perception is significantly faster than both the pleasantness evaluation (P < 0.001) and identification RTs (P < 0.001). The pleasantness evaluation and identification RTs did not differ significantly (P = 1.00). To evaluate the pleasantness of an odor, participants needed 1.24 s (SD = 0.67), and for the identification of an odor, they needed 1.26 s (SD = 0.88) more than to only perceive an odor. The RT of identification was slower if attention was directed to the second (Mdn = 3.14 s) instead of the first presented odor (Mdn = 2.44 s, z = −2.427, P = 0.015; Figure 4d ). This effect was due to a significantly faster reaction to the first odor in females (females: Mdn = 2.25 s, males: Mdn = 2.7 s, U = 15, z = −2.646, P = 0.007).
Discussion
Study 1
The main finding of study 1 is that negative odors are perceived slower in comparison to positive odors and that they had higher spirometric integrals, which are calculated by inspiration and expiration values. These could be interpreted as physiological reactions. Increased expiration could be a mechanism for a fast rejection of negative odors, and the following deeper inspiration is necessary to ensure a normal oxygen supply. Both enhanced expiration and inspiration as responses to negative odors can be interpreted as defense mechanisms, stress responses or reactions of disgust, which are of high importance for disease avoidance (Oaten et al. 2009 ). Stress has the ability to modify respiration parameters (Cohen et al. 1975; Grossman 1983) , as well as irritant odor compounds and mixtures, which lead to an increased duration of expiration, reduced respiratory volume and altered respiratory rate (Schiffman and Williams 2005) , which were comparable to our physiological data. Additionally, in our data set, the increased SCR to negative odors demonstrates arousal and a heightened stress level (Lazarus et al. 1963; Notarius and Levenson 1979; Jacobs et al. 1994) . Extended RTs for negative odor perception can therefore also be explained by an increased stress level resulting in physiological defense reactions that distract the individual. This result is in conflict with the findings of a previous study, in which faster RTs to unpleasant odors were established ). Supporting our results, another study showed increased RTs to unpleasant odors (Chen and Dalton 2005) . Boesveldt et al. used visually cued olfactory stimulation, whereas Chen and Dalton presented stimuli after a questionnaire was given at an undefined time point. Both stimulation methods did not take into account participants' respiration cycle, and it is unknown when exactly the olfactory stimulation occurred. Further, they used a visually guided cueing of odor stimulation, which was not the case in our paradigm. Previous research has also shown that electrophysiological responses to stimuli are increased when the stimulus is presented during inspiration (Haehner et al. 2011) . Therefore, we presented olfactory stimuli during participants' inspiration, based on the chosen RETROS onset values.
Another explanation for the increased RTs to unpleasant odors can be found in the increased ability of the olfactory system to adapt to unpleasant odors so that it can be more responsive to detect changes with regard to unpleasant odors (Jacob et al. 2003) . Although olfactory adaption leads to increased RTs, it is rather important for maintaining the ability to quickly react to new incoming olfactory information (Köster and de Wijk 1991) . In our paradigm, we used each odor more than once, which could have led to adaption and therefore increased RTs.
Study 2
In Study 2, we examined whether preceding positive odors can alter the percept of negative odors and vice versa by presenting 2 odors in consecutive breaths. Negative odors were rated more pleasant after positive odors than after negative odor stimulation, indicating a behavioral olfactory priming effect in pleasantness perception. However, positive odors were not influenced by negative odors. Therefore, odor processing seems to pave the way for the evaluation of the quality of negative odors more precisely than positive odors. This finding could be an indicator for a graded response to obtain a better estimation of how hazardous a substance actually is. Equal findings were shown in the coral reef fish response to chemical alarm cues of conspecifics without visual predator presentation (McCormick and Manassa 2008) , which is comparable to our testing without a visual stimulus during odor presentation. If 2 odors are presented in 2 consecutive breaths, the processing of the first odor affected the perception of the second odor. The processing and evaluation of the second odor could have been affected through incomplete subconscious first odor perception and processing, which results in a priming effect that is shown by significantly altered pleasantness ratings in our study. The processing of 2 consecutively presented odors could be due to a higher perceptual load situation. The processing of irrelevant information or so-called distractors leads to RT deceleration for the second odor processing, as has been shown before in other sensory modalities (Lavie and Tsal 1994; Lavie 1995; Scalf et al. 2013 ). The distraction created by the first odor can therefore also be seen as the reason for the extended RTs in the second odor attended trials. As participants directed their attention to the second odor, this finding emphasizes the occurrence of subconscious first odor processing, as previously shown (Walla et al. 2002; Jacquot et al. 2004 ).
While we also used an intramodal olfactory priming paradigm, such as that presented by Koenig et al. (2000) , both our testing paradigm and stimulation method were different. First, while breathingtriggered olfactory stimulation was used in both studies, the difference was that Koenig et al. additionally cued the odor presentation visually by showing the word "odour." Second, they presented the prime not directly before the target odor, but in a different pre-test. Our testing paradigm, however, was also a perceptual priming paradigm due to intramodal olfactory stimuli, which shared perceptual attributes. Perceptual priming does not need task-dependent explicit memory, for example, you can perceive words without knowing their semantic meaning, and thus, it is pre-semantic (Tulving and Schacter 1990) .
Chiefly, the different hedonic valences of the odors could have influenced our results. In tasks where people have to execute evaluative judgments, such as the pleasantness ratings that we used in our study, 2 effects, called contrast and assimilation, can occur that are supposed to be conveyed by context and categorization processes and the memory of the priming stimulus (Strack et al. 1993; Bless and Wänke 2000) . If the hedonic context of 2 stimuli is highly different, a contrast occurs, and if they are less different, an assimilation effect occurs (Bless and Wänke 2000) . Special cases are positive and . Odor ratings and RT data of study 2 (M and SD). In the "second odor attended" block, negative odors were rated more pleasant if the previously presented odor was positive (a). Incongruent odor combinations took less time to identify the second presented odor than congruent odor combinations (b). The RT was significantly lower for perception compared to pleasantness evaluations and identification (c). The identification RT was longer if an identification measurement was expected for the second of the 2 presented odors (d). * indicates P < 0.05.
negative hedonic contrasts, which can be observed when 2 differently valenced stimuli are presented (Forsythe et al. 2014; Zellner et al. 2014) . Accordingly, a positive hedonic contrast occurs when a previously presented negative stimulus leads to an increased pleasantness rating of a positive stimuli, and a negative hedonic contrast occurs when a preceding positive stimulus decreases the pleasantness rating of a negative stimulus. If the preference between 2 stimuli decreases, the effect is called "hedonic condensation," which is connected to a negative hedonic contrast. If the preference between 2 stimuli increases, the effect is called "hedonic expansion," which is connected to a positive hedonic contrast. In a former study with attractive and unattractive faces, effects in valence perception were found and described by hedonic condensation and expansion (Forsythe et al. 2014) . However, such effects could not be found in olfaction in our study; positive odors were not rated more pleasant after a negative odor (positive hedonic contrast), and negative odors were not rated more negative after a positive odor (negative hedonic contrast). It was the opposite of the established negative hedonic contrast. These findings show that the concept of hedonic contrast is not transferable to the sense of smell if the stimulation is intramodal and thus not distracted by other modality inputs. Due to our consecutive odor stimulation method, the aspect of an odor mixture formation should also be discussed. An odor mixture exists when at least 2 odors are presented simultaneously (Laing et al. 1984; Laing and Francis 1989; Livermore and Laing 1996; Le Berre et al. 2008) . They can be analyzed synthetically by typicality ratings regarding the odor names or analytically by rating the target name and descriptors (Le Berre et al. 2008) . Specifically, the intensity of each used odor influences the perception of the odor mixture, and if there is an intensity difference, the odor quality of the mixture equals the more intense odor and results in the complete masking of the less intense odor, whereas equally intense odors are both perceivable in a simultaneous odor presentation (Laing et al. 1984) . In general, different simultaneously presented odors blend and are perceived as 1 odor, which is different from the odors used. This makes odor identification of various odors in a mixture of odors difficult and leads to the correct identification of only 12% in a mixture of 2 odors, which decreases with the amount of odors used and defines the low capacity of humans to identify odor compounds in mixtures (Laing and Francis 1989) . Even with training and in professionals, such as perfumers and flavorists, it was not possible to increase this capacity, and participants were only able to identify 3-4 compounds out of 7 in an odor mixture, which could be based on physiological or processing-based limitations (Livermore and Laing 1996) . Furthermore, there is evidence for odor masking via a lateral inhibitory connection in the olfactory bulb through nearby glomeruli activation of different odor mixture compounds and therefore activation pattern variation, such as that shown with components of typical fish dish spices (Takahashi et al. 2004) . For the examination of a possible priming effect, which was one main aim of study 2, 2 separate odor stimuli were needed and provided with RETROS. With this method, participants exhaled after the first presented odor, and then, odorless air was turned on until participants' respiration reached the next odor trigger-onset value; they were then presented the second odor. Therefore, we did not present the 2 odors simultaneously on purpose due to the results of other studies concerning the immediately occurring different perceived odor quality of odor mixtures (Laing et al. 1984; Laing and Francis 1989; Livermore and Laing 1996; Le Berre et al. 2008 ). However, we reduced the possibility of generating odor mixtures or masking, which makes our results more likely to be based on separately perceivable olfactory stimuli. Our intramodal olfactory priming results are therefore based on perceptual load and perceptual priming effects rather than on odor mixture and contrast/assimilation.
Another finding of our study was the increased RTs for second odor identification and decreased RTs for incongruent odor combinations. Enhanced and improved processing of congruent stimuli in crossmodal paradigms is shown by a faster identification of congruent instead of incongruent combinations during multisensory integration experiments because of memory-based semantic priming (Holcomb and Anderson 1993; Molholm et al. 2002; Lalanne and Lorenceau 2004; Schneider et al. 2008; Chen and Spence 2011; La BuissonniereAriza et al. 2012) . In humans, the olfactory neurons are the primary sensing cells, which express only one type of functional group of an odor molecule-binding olfactory receptor each. Usually, multiple receptors are able to bind one type of functional group of an odor molecule, leading to a receptor and olfactory bulb activation pattern for one odor and, in the case of an odor mixture, to a more complex activation pattern (Rubin and Katz 1999; Firestein 2001; Wachowiak and Cohen 2001) . Thus, an odor will lead to specific activation patterns in the olfactory bulb (Firestein 2001; Albrecht and Wiesmann 2006) . Despite the slowed RTs under crossmodal incongruent conditions (Schneider et al. 2008) , RTs are accelerated in intramodal olfactory incongruent conditions due to a difference in detection, and therefore, there are different receptor and olfactory bulb activation patterns based on olfactory discrimination, which is one main function of the olfactory system (Hildebrand and Shepherd 1997; Kajiya et al. 2001; Touhara 2002) . The sense of smell is a change detector, which adapts very quickly. Therefore, when 2 odors are presented in consecutive breaths, the RT to the second odor is faster in the incongruent compared to the congruent condition, which can be seen in our findings.
RT measurements can be used to define the organization of olfactory perception and processing by the analysis of task-specific RT differences (Olofsson 2014) . Compared to the odor perception RT, the odor pleasantness evaluation was 1.24 s and the odor identification was 1.26 s longer. These deviations could match the cognitive processing time of pleasantness evaluation and identification. Odor discrimination and identification performance is connected to higher cognitive processing because of the proven influence of participants' executive functioning and semantic memory ability on these 2 olfactory tasks in comparison to pure perception (Hedner et al. 2010) . Odor perception, discrimination, and identification are associated with memory, especially implicit memory, and experience-based learning, so-called olfactory perceptual learning, which is a sort of synthetic processing (Stevenson and Boakes 2003; Wilson and Stevenson 2003b) . In contrast to odor perception, odor discrimination is enabled in case the integrity of the memory system (e.g., via bilateral resection of the medial temporal lobe or Korsakoff's syndrome) is damaged (Wilson and Stevenson 2003a) . Active encoding, active retrieval and verbal naming are essential for odor identification (Schemper et al. 1981; Lehrner et al. 1999) . In odor perception tasks, participants define the time point of perceiving an odor via a button press, without ratings concerning odor characterization, which in this case is only a time point setting of odor detection. As shown in an earlier study, the processing of odor discrimination and identification is of higher cognitive demand than odor perception (Olofsson 2014) and therefore demands more time, which is also supported by our results. Additionally, our results conform with the object-centered odor perception model (Olofsson et al. 2012) , in which valence evaluation is accomplished by odor objects (identification), resulting in equal RTs for pleasantness evaluation and identification in our study.
One limitation of our study is that we only used 2 positive and 2 negative odors, each of them is food-related. So the effect we established cannot be generalized to other food-related odors nor nonfood odors. Even though there is a technical limitation with the number of possible odors used in an olfactometer with high temporal accuracy, it would be definitely possible to test more than 2 odors per valence category. However, due to a relative long ISI that is needed to prevent adaptation and a high amount of repetitions per odor to increase statistical power, the length of the experiment would increase. Nevertheless, if the odors would be grouped in categories like food and nonfood odors in addition to the categories positive and negative, the amount of repetitions could be kept rather low. This should be considered for future experiments to reach more generalizable results.
Conclusions
The results of study 2, using 2 odors presented in consecutive breaths, show evidence for the existence of olfactory intramodal priming while changing pleasantness ratings and increasing RTs for second odor perception in a perceptual priming manner. Intramodal priming provides new insights into human subconscious interference and perception, which have the ability to influence or manipulate perception. The clear benefits of multisensory interaction are not transferable to intramodal interaction. Extended RTs indicate a higher perceptual load, which is similar to the cognitive load of memorization exercises (Braude and Stevenson 2014) and other higher cognitive brain processes. This study therefore provides new insights into the complexity of odor perception. Future studies should investigate the neural processing of such intramodal interactions. This was enabled by RETROS as a novel, feasible and reliable method for olfactory stimulus presentation during behavioral experiments. By varying the respiration-dependent odor stimulation onset and duration parameters, the application is simply adaptable for fMRI experiments and other experimental paradigms. For fMRI use, a specialized respiration air pressure distributor is necessary. Further, the recording of SCR data without any influence of forced deep respiration or visual/auditory sniffing cues is feasible using RETROS. As indicated by our SCR data, future fMRI results could be optimized due to a reduced activation of other sensory modalities. RETROS could also help with increased natural stimulation to characterize food ingestion more precisely, which is a multimodal integration process that is formed by a combination of gustatory, visual, somatosensory, and also olfactory stimuli (Verhagen and Engelen 2006) . Most of the studies regarding food ingestion lack a multisensory stimulation method to create an approximately naturalistic and holistic gustatory percept.
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